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I.  INTRODUCTION  AND  SUMMARY 


This  study  is  the  second  report  on  research  into  finan¬ 
cial  management  aspects  of  the  common  user  communication  systems 
under  Defense  Communications  Agency  (DCA)  administrative  con¬ 
trol.  The  two  principal  systems  in  terms  of  financial  impact 
are  AUTODIN  (Automatic  Digital  N.  ‘work)  and  AUTOVON  (Automatic 
Voice  Network).  The  first  is  a  world-wide  digital  stQre-and- 
forward  system1  for  data  and  message  transmission.  The  second 
is  a  world-wide  telephone  system  linking  defense  establishments 
via  an  automatic  switching  network.  In  a  previous  IDA  study,2 
recommendations  for  changing  the  cost  allocation  methodology 
for  A'JTODIN  were  made.  In  the  present  study  the  feasibility 
of  implementing  such  a  methodology  is  investigated.  For  the 
latter  purpose,  DCA  provided  the  study  group  with  a  sample  of 
1978  AUTODIN  usage  Information  and  access  to  the  offices  and  per¬ 
sonnel  who  would  have  responsibility  for  Implementing  the 
recommended  usage-sensitive  cost  allocation.  IDA  was  requested 
to  provide: 

(1)  A  computer  model  of  a  billing  system  for  Implementing 
usage-sensitive  cost  allocation  and  appropriate  docu¬ 
mentation  to  enable  DCA  to  program  its  AUTODIN  swit¬ 
ches  to  obtain  the  required  data. 


'Messages  and  data  entering  the  system  at  switching  centers  are  accumulated 
and,  when  a  circuit  is  available,  dispatched  (processing  times  and  delay 
times  are  typically  in  seconds  or  minutes)  to  the  destination  switch 
where  the  Information  Is  again  stored  to  be  later  delivered  to  the 
addressee's  terminal.  This  is  "message"  switching  as  corpared  to  "circuit" 
switching  In  which  two  comnunicators,  as  in  telephone,  must  be  connected 
by  a  real-time  circuit  for  cormunicatlon  to  take  place. 

2W.  Beazer,  L.  Davidson,  J.  Fry,  J.  Kieman,  and  W.  Raduchel,  Cost  Alloca¬ 
tion  for  AUTODIH:  An  Econowic  Analysis,  IDA  Study  S-U 87,  Institute  for 
Defense  Analyses,  Arlington,  Va. ,  1977. 
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(2)  Results  of  tests  of  such  a  model  on  IDA  computers. 

(3)  Comments  on  the  use  of  the  billing  methodology  speci¬ 
fying  limitations  and  directing  attention  to  areas  of 
concern  for  DCA  In  planning  for  future  services. 

The  detailed  specifications  of  the  IDA  computerized  cost- 
allocation  model  are  contained  In  the  technical  Appendices  A 
through  D.  The  model  Is  also  described  In  general  terms  In  the 
text.  The  requirement  of  appropriate  documentation  was  further 
met  when  a  version  of  the  IDA  model  was  tested  at  the  computer 
facilities  currently  used  for  billing  at  the  Defense  Commercial 
Communications  Office  (DECCO)  at  Scott  Air  Force  Base,  Illinois. 
The  authors  verified  that  the  DECCO  version  produced  Identical 
results  to  IDA's  version  when  the  same  sample  of  data  was 
analyzed . 

The  results  of  applying  the  IDA  cost-allocation  model  to 
the  sample  data  are  discussed  below.  This  descriptive  material 
provides  insight  Into  the  kinds  of  analyses  which  can  be  per¬ 
formed  using  data  available  In  the  present  AUTODIN  system.  In 
addition.  It  places  the  planning  and  budgeting  problems  Inherent 
In  usage-sensitive  costing  in  perspective. 

The  final  section  of  the  study  discusses  the  problems  of 
Implementing  the  cost -al locat ion  methodology  and  proposes 
some  immediate  steps  to  solve  those  problems. 

In  summary,  the  study  conclusions  are: 

•  The  information  necessary  to  allocate  AUTODIN  back¬ 
bone  costs  on  a  usage  basis  exists  within  the  AUTODIN 
system  and  can  be  collected  and  processed. 

•  No  substantial  addition  of  equipment  or  personnel  is 
required  to  compute  and  disseminate  bills  based 
upon  relative  usage. 

•  Predicting  the  response  of  users  to  cost-allocation 
changes  arising  from  usage  costing  may  be  difficult 
for  the  first  year  of  Implementation,  but  should  be 
easier  as  empirical  data  are  developed. 


2 


The  study  recommendations  are: 

•  The  cost-allocation/billing  program  developed  in  the 
study  is  suitable  for  activation  as  a  data-gathering 
program  or  billing  system. 

•  The  data  base  produced  by  the  billing  program  can 

be  used  to  develop  baseline  data  for  studies  of  user 
response  to  the  usage-sensitive  pricing  changes  and 
of  user  system  changes. 

•  DCA  should  take  into  account  the  need  to  minimize  the 
likelihood  that  use  of  usage-sensitive  pricing  for 
equitable  cost  allocation  purposes  could  lead  to 
responses  by  users  that  reduce  network  efficiency 
either  in  an  economic  sense  or  in  the  sense  of  compro¬ 
mising  crisis  C3  response  capability. 
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II.  THE  AUTODIN  SYSTEM 

The  Defense  Communications  Agency  Is  required  to  recover 
outlays  made  from  its  Communi cat  1 ons  Services  Industrial 
Fund  (CSIF)  for  the  so-called  AUTODIN  "backbone"  from  charges 
levied  upon  the  agencies  and  activities  which  use  the  system 
for  sending  defense-related  messages  and  data  among  themselves. 
Figure  1  gives  a  schematic  representation  of  the  so-called 
"backbone,"  that  is,  the  switching  centers  and  trunks  whose  cost 
is  to  be  recovered  from  charges  levied  against  the  appropria¬ 
tions  of  the  using  agencies.  These  costs  consist  of  outlays 
for  the  leasing  of  switches  and  trunks  from  private  communica¬ 
tions  companies  in  the  United  States  and  abroad,  as  well  as 
from  government  agencies  such  as  the  General  Post  Office  in 
Britain  and  Deutsches  Bundespost  in  Germany.  In  addition, 
reimbursements  to  the  Services  for  some  operations  and  main¬ 
tenance  of  government-owned  switches  are  made  by  DCA.  Table  1 
below  summarizes  some  of  the  detail  for  recent  fiscal  years. 

In  the  remainder  of  the  study,  we  have  simplified  and  combined 
cost  categories  for  illustrative  purposes.1 

The  physical  network  showr.  in  Figure  1  serves  a  community 
of  defense-related  activities  spread  over  some  30  agencies, 
from  the  major  services  (Army,  Navy,  Air  Force)  through  the 
Defense  Intelligence  Agency,  the  State  Department,  the  Federal 
Aviation  Agency,  to  the  Smithsonian  and  the  Red  Cross.2 

*In  setting  specific  rat  XA  must  consider  the  loss  recoveries  from  under¬ 
charging  in  previous  years,  generation  of  cash  flow  in  excess  of  outlays 
to  cover  prepayments  for  improvements,  and  other  financial  flow  problems 
of  little  relevance  to  the  present  paper. 

2 Red  Cross  activities  and  other  specified  huranitarlan  or  educational 
activities  use  the  system  at  no  charge. 
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Table  2  below  summarizes  the  hierarchy  of  user  elements.  Cur¬ 
rent  ly  the  AUTODIN  "backbone"  costs  are  recovered  from  the  bud¬ 
gets  of  the  program  budget  elements  controlling  the  "access" 
lines.  These  access  lines  are  commercial  or  government-owned 
communications  lines  physically  connecting  a  terminal,  Identified 
for  DCA  by  a  Program  Designator  Code  ( PDC ) ,  which  has  a  budget 
allocation  from  Its  agency  appropriations  to  cover  communica¬ 
tions  services  supplied  by  the  AUTODIN  network. 


Table  2.  USER  STRUCTURE 


E 1 ement 

Number 

(DCA  Identifier) 

Agencies 

30 

Budgetary  Activities 
(Cost  Centers) 

350 

(PDC) 

Access  Lines 
(Costed  Element) 

1300-1500 

( CCSD ) 

Commands  and  Units 
(AUT0D1N  Address) 

5000-6000 

(OSRI ) 

Message  Senders 

? 

| 

Beyond  the  access  line  •■•'’’"Inal  ,  which  may  he  (among  other 
arrangements )  a  computer,  a  switchboard,  a  series  of  teletype 
extensions,  or  a  message  center  like  a  telegraph  office,  there 
Is  the  changing  community  of  some  1500  or  so  Originating  Sta¬ 
tions  which  have  Routing  Indicators  (JSRI)  In  the  switching 
programs.  That  Is,  they  are  known  to  DCA  as  addresses  to  which 
messages  and  data  may  be  automatically  delivered  via  the  AUTODIN 
network.  These  OSRIs  are  a  heterogeneous  group;  some  are  units 
of  organizations — say,  the  Joint  Chiefs  of  Staff,  or  the 
I'.S.S.  ENTEFFFISE,  or  the  Army  Forces  Command--others  are  switch¬ 
boards  or  message  centers  at  army  posts  or  air  bases.  The  one 
thing  that  Is  not  true  Is  that  the  agency  budget  affiliation 
for  say,  personnel  purposes,  Is  always  the  same  for  an  OSRI  as 
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it  is  for  the  PDC  which  pays  for  AUTODIN.  In  Washington,  for 
instance,  the  U.S.  Army  budgets  for  Pentagon  AUTODIN  communica¬ 
tions  links  that  service  the  whole  spectrum  of  Defense  activ¬ 
ities.  It  is  even  more  complex  at  the  next  level  below  the 
OSRI.  When  one  gets  downto  the  specific  individuals  and 
offices  who  are  authorised  to  approve  use  of  AUTODIN,  one  may 
find  a  Navy  Captain  housed  on  an  Air  Force  facility  that  is 
connected  to  an  Army  terminal  for  AUTODIN  services. 

The  Albany,  Georgia  AUTODIN  switching  center,  as  an 
example,  is  connected  to  AUTODIN  trunk  lines  to  the  AUTODIN 
switching  centers  at  Norton  Air  Force  Base,  California, 

Gentile,  Ohio,  and  Andrews  Air  Force  Base,  Maryland.  From  that 
Albany  switch,  however,  there  were  in  the  1978  sample  some  101 
access  lines  branching  out  to  DoD  facilities  in  Georgia, 
Florida,  the  Carollnas  and  elsewhere,  serving  at  least  1 8 7 
different  addresses.  Table  3  summarizes  the  distribution  among 
agencies . 


Table  3.  AN  AUTODIN  SWITCH  USER  CONFIGURATION: 
ALBANY,  GEORGIA  ASC 


AGENCY  WITH 

NUMBER  OF 

NUMBER  OF 

BUDGET  (PDC)  RESPONSIBILITY 

ACCESS  LINES 

4 

ADDRESSEES  (OSRI) 

m-m.  •  ■  1  — 

A  rmy 

30 

84 

Navy 

37 

49 

Air  Force 

26 

42 

Defense  Logistics  Agency 

4 

B 

Federal  Aviation  Agency 

3 

3 

j 

National  Aeronautics  and 

1 

1 

1  Space  Agency  _ 

TOTAL 

1  0 1 a 

137 

a0f  the  101  lines,  11  were  high  speed,  36  medium,  and  54  low  speed. 
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As  we  shall  see  later,  the  rationale  for  AUTODIN  cost  allo¬ 
cation  as  developed  by  IDA  Study  S-^871  does  not  currently 
require  that  usage  be  Identified  u own  to  the  Individual  or 
organization  that  deaideo  to  use  AUTODIN.  In  ordinary  economic 
terms,  the  element  whose  purpose  Is  served  by  communications 
is  the  beneficiary  of  the  service,  the  aauaer  of  the  cost  If 
such  a  use  Involves  a  marginal  cost.  The  Defense  Communications 
Agency,  however,  requested  that  IDA  demonstrate  a  system 
with  the  capability  to  Identify  usage  with  user  down  to  the 
OSRI  level  In  case  It  was  desired  to  bill  on  a  current  basis 
(at  least  monthly)  for  usage.  While  our  recommendation  Is 
that  DCA  not  bill  thusly  for  AUTODIN  on  a  current  usage  basis, 
the  capability  to  trace  usage  on  a  current  basis  to  originators 
Is  not  only  likely  to  be  required  for  billing  for  future  common- 
user  services,  but  also  provides  Information  to  managers  use¬ 
ful  In  planning  and  forecasting. 


*Beazer,  et  al,  loa.  ait. 
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III.  CURRENT  DCA  RATE  AND  BILLING  PRACTICE 


At  the  present  time,  DCA  provides  services  to  the  "access" 
lines  and  looks  to  the  "owner"  of  the  access  line  to  pay  monthly 
charges  destined  to  recover  AUTODIN  backbone  costs.  Table  2 
tells  us  that  the  access  line  is  owned  by  a  program  package 
entity  called  a  PDC,  which  is  funded  from  the  budget  of  one  of 
30  agencies  of  the  U.S.  Government .  The  Air  Force,  Army,  Navy, 
Defense  Logistics  Agency,  and  FAA  constitute  the  principal 
agencies  paying  for  access  lines. 

The  Defense  Communications  Agency,  through  Its  agent,  the 
Defense  Commercial  Communication  Office  (DECCO),  pays  (usually 
monthly)  for  all  sorts  of  communications  services  furnished  both 
to  DCA  and  to  the  customer  agencies.  Payment  is  made  out  of  its 
Communications  Services  Industrial  Fund  (a  revolving  fund);  In 
turn.  It  replenishes  the  fund  by  billing  the  agency  appropriation 
accounts  for  communications.  At  present  the  AUTODIN  "bill"  for 
each  access  line  connection  to  the  switch  network  is  calculated 
to  recover  overall  backbone  costs  by  a  charge  varying  with  the 
"speed  of  service,"  that  is,  the  transmission  rate  (In  bits  per 
second)  of  the  access  line.  The  three  basic  c lasses--"high" , 
"medium"  and  "low" — pay  monthly  charges  In  the  ratio  of  1*4:9: 3. 

This  ratio  is  based  upon  the  relative  amount  of  computer 
memory  assigned  to  each  type  of  line  in  the  Accumulation  and 
Distribution  Unit  (ADU)  of  the  leased  Automatic  Switching  Center. 
This  unit  coordinates  the  receipt  and  dispatch  of  signals  with 
the  internal  processing  by  the  computers  that  manage  the  switch¬ 
ing  and  store-and-foi ward  functions.  The  present  assignments  are 
28  line-block3  to  high  speed  (2*400  bltc/second  and  above);  18 
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line-blocks  to  medium  speed  (600  to  1200  bits/second);  and  6  to 
low  sneed  (under  300  bits/second).  Table  ,  taken  from  a  more 
extensive  DCA  listing,  shows  some  recent  proposed  rates. 

.Much  simplified,  the  basis  of  the  current  rate  structure 
Is  determined  by  multiplying  the  line  speed  weights  times  the 
planned  number  of  months  of  hook-up  time  times  the  number  of 
various  types  of  lines  and  dividing  the  resulting  total  Into 
the  total  backbone  cost  for  the  budget  year.  This  gives  a  "cost 
per  weighted  unit."  Then  the  budget  request  for  each  agency  Is 
simply  the  agency's  number  of  weighted  units  (as  revealed  by  Its 
planned  access  lines)  times  the  weighted  unit  value.  Each  month 
the  Defense  Communications  Agency  pays  Western  Union,  AT&T, 
Deutsche  Bundespost  and  other  carriers  for  AUTODIN  switch  and 
trunk  leases.  In  turn,  based  upon  actual  access  line  hook-ups, 
DCA  bills  each  agency  for  the  number  of  weighted  units  times 
the  rate.  That  sum  Is  then  transferred  from  agency  appropria¬ 
tions  to  DCA's  Industrial  fund  account.1  Figure  2  Is  a  portion 
of  one  kind  of  accounting  statement  which  DECCO  currently  pro¬ 
vides  for  each  account. 

The  actual  bill,  which  requests  transfers  from  the  user's 
appropriations  to  DCA's  CSIF  account.  Is  a  single  value  per 
period  for  each  PDC  and  Includes  other  communications  charges. 
Such  reports  as  that  above  are  essentially  memorandum  material. 
The  user  charge  and  connectivity  charge  under  the  proposed  rate 
structure  would  be  combined  In  the  "bill"  to  provide  a  similar 
number  for  each  PDC.  The  detailed  basis  of  the  charge  would  be 

'Mileage  charges  for  access  lines  and  other  off-netvrark  cormunl  cat  Ions 
charges  are  paid  for  by  DCA,  but  merely  as  an  agent  for  the  using  agencies. 
These  services  are  contracted  for  and  controlled  by  the  using  agencies  and 
budgeted  for  separately  from  backbone  charges.  While  DCA's  AITTODIN  mana¬ 
gers  are  active  participants  In  the  planning  for  AITTODIN  "backbone"  ser¬ 
vices  and  promulgate  the  "rates"  which  are  designed  to  cover  backbone  costs, 
the  planning  for  off-netvork  cormunicat Ions  beyond  the  access  lines  is  the 
exclusive  province  of  each  agency's  comnunlcatlons  planner  and  SECDEF 
budget  managers  rather  than  the  DCA  comptroller. 
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provided  in  the  form  of  a  memorandum  listing  for  each  paying 
PDC,  showing  the  sending  volume  and  equivalent  charge  for  each 
OSRI  using  a  given  CCSD  (Acess  Line). 


I 


Table  4.  AUTODIN  SUBSCRIBERS  FY  1978  BILLING  RATES 


EFFECTIVE  1  OCTOBER  1977 


TYPE  OF  SERVICE 

WTDa  UNITS 

SR6  CODE 

RATE 

1 

4800  Baud  HSU 

14 

DL 

IB 

2400  Baud  MSU 

14 

DA 

1200  Baud  MSU 

9 

DC 

■SSI 

600  Baud  MSU 

9 

DN 

ECS 

» 

300  Baud  MSU 

3 

DE 

1 .950 

ISO  Baud  MSU 

3 

DG 

1  .950 

Teletypewr  1  ter 

3 

DJ 

1.950 

Equipment  Only 

0 

DY 

0 

& 

On  Base  Extension 

Monthly  Rate  Per 
Weighted  Unit 

0 

DZ 

_ 0 

$  650 

aWTD  ■  "weighted". 
bSR  ■  Subscriber  Rate. 
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DETAIL  LISTING  OF  AUTOOIN  RATE  APPLICATION 
ACCOUNT  CODE  AIR  FORCE 
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Figure  2.  FACSIMILE  OF  DECCO  ACCOUNTING  STATEMENT 


IV.  ANALYSIS  OF  USAGE  PATTERNS 


In  the  process  of  preparing  the  sample  usage  data  for  the 
cost-allocation  step,  a  number  of  characteristics  of  the  system 
which  could  be  of  significance  to  the  estimation  problems  dis¬ 
cussed  later  were  noted.  During  the  one  week  sample  period,  for 
Instance,  AUTODIN  users  originated  2,079,552  separate  transmis¬ 
sions,  amounting  to  a  total  of  80,871,^03  line  blocks.1  The 
seven  day  sample  of  1976  data  used  in  IDA  Study  S-^87,  for  com¬ 
parison,  showed  1,973,212  messages  and  78,^35,1^5  line  blocks. 

The  present  sample  shows  increases  of  five  percent  in  messages 
and  three  percent  In  line  blocks.  These  figures  are  certainly 
consistent  with  the  observed  stability  In  the  size  of  the  Defense 
establishment  over  this  period.  The  figures  also  give  some 
assurance  that  the  1976  sample  is  not  anomalous,  but  probably 
typical  of  overall  volume  at  least.2 

The  pattern  of  traffic  can  be  derived  from  swltch-to-switch 
line  block  and  message  matrices  such  as  Figure  3,  which  is  one 
kind  of  output  that  can  be  provided  for  analysis  In  the  data 
program.  Utilizing  the  three-fold  definition  of  traffic  types 
for  rate  purposes  and  these  data,  we  can  display  the  way  usage 


1 A  line  block  Is  a  measure  of  message  volume,  equivalent  to  8^  characters, 
or  about  one  computer  card  of  data.  Header  extracts  for  portions  of  three 
switches  on  one  day  and  one  switch  on  another  day  were  missing  from  the 
sanple.  An  estimate  of  the  volume  of  missing  data  gave  about  0.2  percent 
of  the  tot;il.  No  effort  was  made  to  adjust  for  missing  data.  It  was 
assumed  that  the  3anple  variability  was  probably  larger  than  this  amount. 

1  Because  of  different  processing  teclmlques,  a  full  comparison  of  the  distri¬ 
butions  of  A17T0D1N  traffic  as  seen  In  the  1976  and  1978  sanples  could  not 
be  made.  For  the  FDC  codes  that  could  be  identified,  volumes  were  extremely 
variable  between  the  two  samples ,  showing  no  particular  pattern. 


•»  l»N»  ?  0«vl  (t0lN4  alt*  aaOar  I*  Of  r(M 
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Cw1f.ch  Identifications  are  In  Floure  8. 


is  distributed  by  area  and  type  as  in  Figure  4.  As  can  be 
seen,  AUTODIN  usage  within  the  continental  United  States  might 
be  expected  to  carry  more  than  half  of  the  cost  burdens  Inasmuch 
as  it  constitutes  more  than  half  of  the  traffic. 

The  data  base  being  used  also  permitted  us  to  identify  the 
Program  Designator  Code  affiliation  of  the  originators  of  the 
traffic  in  the  sample.  Table  5  shows  how  the  message  and 
data  demand  at  an  annual  rate  of  four  billion  line  blocks  is 
distributed.  In  terms  of  identifiable  traffic  originating  in 
CONUS,1  the  first  four  agencies,  accounting  for  nearly  98?  of  the 
total,  are,  in  order:  U.S.  Air  Force,  Defense  Logistics  Agency, 
U.S.  Army,  and  U.S.  Navy.  From  the  Pacific,  the  first  four 
agencies,  accounting  for  almost  100S,  are:  U.S.  Navy  (77?)  , 

Air  Force,  Defense  Communications  Agency  and  Army.  From  Europe, 
accounting  for  about  Army,  Air  Force,  Navy  and  DCA.  The 

leading  users  of  AUTODIN,  considering  world-wide  volume  are: 

%  of  Total 


U.S.  Air  Force 

25-3 

U.S.  A  rmy 

19.9 

U.S.  Navy 

19.0 

Defense  Logistics  Agency 

18.3 

"Y"  Community 

11.0 

Whatever  the  rate  structure,  one  would  expect  these  agencies  to 
bear  the  principal  cost.  As  we  snail  see,  however,  it  makes 
a  significant  difference  among  them  if  a  larger  or  smaller 
share  of  total  cost  is  recovered  via  a  usage-based  charge. 


'Dftta  on  traffic  attributed  to  "Y,",  which  Is  a  collective  identification 
for  the  intelligence  corrminity ,  were  stripped  of  specific  OSRI  arid  area 
descriptions  for  security  reasons  before  being  delivered  to  IT>A.  This  and 
sme  unidentifiable  originators  accounted  for  about  I1*  percent  of  the  sample 
data.  FDC  ^WDK  Is  listed  as  a  DCA  activity,  but  apparently  is  not.  Its 
actual  identification  is  apparently  classified.  The  annual  rate  is  simnly 
the  volume  times  52. 
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ESTIMATED  ANNUAL  AUTODIN  TRAFFIC  BY  AGENCY  AND  TYPE 
(Based  on  1978  Seven  Day  Sample) 
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The  ability  to  Identify  usage  with  specific  originators 
permits  us  to  examine  the  degree  of  concentration  of  traffic 
volume.  Table  6  shows  some  data  for  the  top  ten  users.  The 
predominance  of  logistics  functions  is  probably  understated. 

While  the  JO.S-attributed  traffic  (RUEKJCS)  may  represent  command, 
control  and  r  adlness  matter's,  the  Air  Force  Logistics  Command 
and  the  Defense  Logistics  Agency  originators  clearly  represent 
supply  and  support  operations.  The  Navy  practice  of  tying  all 
users  to  Naval  District  accounting  codes,  versus  the  functional 
Identification  used  by  Army,  Air  Force,  and  other  agencies,  makes 
it  Impossible  to  distinguish  the  nature  of  Navy  traffic  without 
additional  research  into  classified  sources.  Since  the  5th  Naval 
District  includes  the  enormous  Atlantic  supply  and  support  com¬ 
plexes  in  Virginia,  Maryland  and  the  "arollnas,  a  reasonable 
assumption  would  be  tha*  a  heavy  volume  of  logistics-related 
traffic  is  in  the  total  sh<  wn  for  that  entity. 

By  plotting  all  the  originators  in  the  sample  on  a  cumula¬ 
tive  basis,  ne  can  obtain  the  Lorens  curve  of  Figure  5,  which 
graphically  portrays  the  concentration  of  activity  in  a  few  user 
communities.  Were  all  originators  exactly  the  same  size  in  terms 
of  volume,  the  plot  of  cumulative  percent  f  OSHI’s  (horizontal 
axis)  against  cumulative  percent  of  sample  traffic  would  describe 
a  straight  line  diagonal  from  lower  left  to  upper  right  in 
Figure  5-  The  bending  of  the  curve  away  from  this  diagonal  is 
a  graphic  measure  of  the  degree  of  concentration  of  activity. 

Less  than  10  percent  of  the  largest  volume  users,  for  instance, 
account  for  nearly  80  percent  of  the  sample  traffic.  This  is 
of  significance  in  terms  of  the  problem  of  predicting  response 
to  changing  the  cost  allocation  basis.  The  extensive  aspect  of 
predicting  response  can  be  largely  solved  if  the  behavior  of  only 
a  small  number  of  users  can  be  predicted. 
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Since  the  sample  was  for  a  continuous  seven  day  period  and 
was  provided  in  dally  subsamples,  it  was  possible  to  examine  the 
time  patterns  of  transmission.  Plotting  the  data  for  total 
traffic  by  day-of-the-week  yields  the  results  shown  as  a  solid 
line  in  Figure  6.  The  weekly  traffic  peak  on  Tuesday  seems 
like  a  reasonable  result.  Certainly,  one  would  wish  to  check 
against  other  samples  to  verify  the  pattern.1 

Any  number  of  traffic  analyses  become  possible  using  the 
header  extract  data,  but  a  principal  study  concern  was  to  examine 
the  use  of  similar  information  for  usage  billing  by  DCA.  In  the 
following  section  an  illustration  of  the  way  annual  costs  would 
be  allocated  if  the  seven  day  sample  were  representative  of 
annual  use  is  explored. 


‘The  result  of  plotting  FLASH  and  "higher"  (meaning  intelligence)  pre¬ 
cedence  traffic,  shown  in  Figure  6  as  a  dotted  line,  serves  as  a  caution 
against  generalising  freer,  samples.  The  apparent  Wednesday  peak  was 
puzzling  until  the  authors  checked  the  New  York  Times  index  for  this 
r  period  to  discover  thnt  President  Carter  was  en  route  from  Japan  to  India 

and  Europe  on  this  particular  Wednesday — and  the  bulge  in  traffic  turned 
out  to  be  concent. rated  to  and  from  Pacific  area  switching  centers. 
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Figure  6.  MEEKLY  PATTERN  OF  MESSAGE  TRAFFIC 


V.  DEVELOPING  THE  COST  ALLOCATION  MODEL 


The  analysis  of  the  usage  data  provides  a  picture  of  the 
AUTODIN  system  dynamics.  Essentially,  the  cost  allocation 
model  merely  adds  the  step  of  applying  a  set  of  rates  to  the 
usage  and  access  categories.  The  flow  of  Information  and  the 
order  of  processing  steps  of  Interest  to  DCA  technical  person¬ 
nel  (who  must  Implement  a  billing  program)  Is  best  appreciated 
from  Appendices  A-D.  In  this  section  we  will  merely  sketch  the 
step3  and  give  some  of  the  numbers  used  In  the  cost-allocation 
computer  program,  partly  to  provide  a  background  for  the  dis¬ 
cussion  of  forecasting  to  follow. 

As  mentioned  above,  each  AUTODIN  transmission  (message)  Is 
sent  with  a  "header"  of  digital  data  to  provide  the  automatic 
switching  system  with  the  information  that  Its  computer  pro¬ 
grams  require  for  expeditious  routing  and  handling  of  trans¬ 
missions.  This  header  Is  stored  on  the  tape,  along  with  the 
message  at  the  switch,  for  a  period  of  time  after  transmission 
for  various  reasons,  Including  the  possibility  of  transmission 
garbles  that  will  cause  the  recipient  to  request  a  retransmis¬ 
sion.  As  a  special  one-time  effort,  DCA  extracted  the  message 
headers  for  a  seven  day  period  for  all  switches  In  the  system. 
This  "Header  Extract"  tape  was  made  available  to  the  study 
authors  as  a  data  source  for  building  and  testing  the  cost- 
allocation  model.  Basically,  the  steps  In  processing  the  data 
for  study  purposes  prefigure  the  processing  which  DCA  will  have 
to  perform  repetitively  to  Implement  a  billing  program  that 
would  allocate  charges  in  the  same  way. 
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The  kinds  of  data  contained  on  the  Header  Extract  tape  can 
be  seen  in  Figure  7*  which  lists  the  data  elements  in  the  order 
in  which  they  appear  in  each  entry.  For  every  message,  that 
is  to  say  for  every  identifiable  transmission  (complete  with 
start-of-message  and  end-of-message  signals),  there  is  an  entry 
in  the  Header  Extract  file  with  all  these  characteristics. 

In  order  to  accumulate  these  records  into  a  measure  of 
usage  volume  appropriate  to  the  cost-allocation  rationale  of 
the  previous  study,  we  need  an  identification  of  "local,"  "area" 
and  "inter-area"  transmissions.  By  using  the  schematic  repre¬ 
sentation  of  the  AUTODIN  switches  and  trunks  in  Figure  1,  we 
can  describe  these  categories  in  simple  terms.  If  some  Army 
office  at,  say,  Fort  Benning,  Georgia,  wished  to  send  a  message 
to  a  Coasr  Gua^d  facility  in  North  Carolina,  the  message  might 
travel  over  an  Army-controlled  access  line  to  the  Albany  switch, 
there  to  be  routed  over  a  Navy-controlled  access  line  serving 
the  Coast  Guard  facility  via  an  extension  from  a  Navy  terminal. 
Such  a  message  would  be  "local,"  since  it  would  Involve  only 
the  one  switching  center  and  no  trunk  lines.  Should  the  same 
Fort  Benning  office  3end  a  message  to  the  Presidio  in  San  Fran¬ 
cisco,  the  message  could  go  by  a  number  of  routes,  but  would 
have  to  finally  arrive  at  the  McClellan  Air  Force  Base  switch 
to  be  sent  out  via  a  local  access  line  to  the  Presidio.  In  the 
process  it  would  utilize  at  least  two  (actually  a  minimum  of 
three  in  this  case)  switches  and  some  portion  of  the  connecting 
trunks  within  the  CONUS  area.  This  is  an  "area"  message.  An 
"inter-area"  message  would  be  one  utilizing  the  overseas  con¬ 
necting  trunks  either  from  McClellan  and  Norton  (to  or  from  the 
Pacific  area)  or  the  Andrews  and  Fort  Detrick  connections  to 
Europe . 

The  local,  area  and  inter-area  classification  depends  upon 
the  location  of  the  switches  which  serve  the  originator  and 
recipient  of  any  message.  One  can  easily  set  down,  in  matrix 
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Figure  7.  HEADER  EXTRACT 
(90  Characters) 


"  "  1 

Character 

Contents 

4 

5 

6 
7 

8-14 
15-18 
19-21 
22-28 
29-35 
36-42 
4  3-47 
48-54 
55-59 
60-62 
63-69 
70-72 
73-75 
76 

77-79 

80 

81-84 

85 

86 

87-89 

90 


Precedence 

Language  Media  Format 
Secur 1 ty 
Orglnatlng  ASC 
Next  ASC 

Input  Channel  Type 

Originating  Station  Routing  Indicator 

Originating  Station  Serial  Number 

Line  Block  Count 

Time  of  File 

System- i n-T ime 

Start-of -Message- i n 

End-of -Message- Out 

Start-of- Message-Out 

End-of -Message-Out 

Routing  Indicator  Count 

Destination  Routing  Indicator 

Input  Channel  Number 

Destination  Number 

Reporting  ASC 

Output  Channel  Number 

Output  Channel  Type 

Content  Indicator  Code 

Query  Response 

Sequential  Del i very 

TCC  TRC  ALPS  Code 

Special  Category  Code 


form,  all  the  possibilities:  Figure  8  shows  this  for  AUTODIN 
as  currently  constituted.1  Notice  that  In  Figure  7,  the  Header 
Extract  gives  us  these  two  essential  bits  of  data — Originating 
A SC  (Automatic  Switching  Center)  and  Destination  ASC. 

We  also  have  the  precedence,  permitting  separate  cumula¬ 
tions  of  high  precedence  messages  (precedence  was  considered 
as  a  cost -al locat ion  criterion  In  the  1977  study).  The  length 
of  the  message  In  line  blocks  also  13  given  In  the  header. 

The  OSRI's,  which  Identify  the  sender  and  receiver,  are 
not  accounting  designations  for  budget  purposes,  so  that  iden¬ 
tifying  usage  in  the  Header  Extract  data  with  a  budget  cost 
center  ( FDC )  Involves  additional  processing  steps.  Each  switch¬ 
ing  center  maintains  a  file  called  the  AUTODIN  MANAGEMENT  Index 
(AMIE),  which  lists  each  QSRI  and  the  access  line  which  services 
it.  The  FDC,  which  Is  charged  with  paying  for  AUTODIN  access 
via  that  line,  is  determined  from  files  maintained  by  DECCO. 

The  study  used  a  recent  copy  of  this  file  and  some  other  DCA 
sources  to  update  It  for  changes.  The  file,  which  Is  critical 
to  routing  messages  over  the  network.  Is  updated  weekly.  Though 
seven  days  In  length,  the  sample  period  fell  In  two  separate 
weeks.  Of  course,  when  DA  implements  the  usage  accounting 
program,  it  will  have  the  updated  file  for  each  week  as  a  part 
of  the  procedure. 

The  flow  of  Information  processing  necessary  to  allocate 
costs,  utilizing  the  Header  Extract  file,  Is  described  In 
Appendices  A-D.  However,  the  prior  step  of  setting  the  rates 
which  determine  the  cost  allocations  must  be  done  outside  the 
cost  allocation  (or  for  DCA,  "billing")  program.  For  this 
step  one  needs  estimates  of: 


'The  Okinawa  switch  has  been  inactivated  during  the  1978  sairple  period — 
so  only  16  switches  are  shown.  The  four  character  codes  (RUEB,  RUCL, 
etc.)  are  used  In  all  routing  indicators  to  specify  the  "home"  switch  of 
an  addressee. 
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DISTANCE  CHARGE:  SWITCH-TO-SWITCH  MATRIX 
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•  Switch  and  overhead  costs 

•  Trunk  cost  estimates  by  area 

•  Number  of  trunks  by  area 

•  The  ADU  (Accumulation  and  Distribution  Unit)1 
capacity  of  the  switches  in  line  blocks 

•  The  estimated  number  of  access  lines,  by 
speed  category 

•  The  fraction  of  total  switch  cost  accounted 
for  by  the  ADU  function. 

Since  the  current  DCA  weights  for  various  speed  lines  are 
In  proportion  to  their  ADU  memory  use,  and  since  each  trunk 
connection  Is  assigned  the  same  amount  of  ADU  memory  space  as 
a  high-speed  access  line,  the  access  charge  for  any  type  line 
can  be  computed  as: 


where : 

Cj  *  access  charge  for  each  class  of  line 
(high,  medium,  low) 

w,  «  weight  assigned  to  speed  class  ( 1 1* :  9  :  3  ) 

af  =  number  of  connected  lines  (Including  trunks) 

'  In  each  cl as 3 

C  *  cost  of  the  switches 

a  ■  fraction  of  switch  cost  assignable  to 
ADU  function. 

'Hit'  AT*'  or  Accumulation  and  Distribution  Unit  is  the  element  In  the  leased 
switch  which  coordinates  message  Input  arid  output.  Tt  utilises  a  computer 
memory  unit  of  fixed  capacity  and  Is  the  first  constraint  on  capacity  of 
AlfHDDIN.  The  model  of  the  previous  study  argued  for  an  access  charge 
based  upon  the  ratio  of  ADU  cajviclty  required  for  access  lines  to  total 
ADU  capacity  applied  to  ADU  cost.  Tlx?  remainder  of  ADI'  cost  was  to  be 
allocated  on  the  basis  of  trunk  line  utilisation  of  ADU  capacity.  The 
cost  of  the  remainder  of  the  switching  system  was  to  be  allocated  over  all 
units  of  usage  regardless  of  distance,  with  an  added  amount  for  the  area 
unlt3  of  usage  to  cover  trunk  costs  in  the  various  areas  and  an  additional 
amount  to  inter-area  usage  units  to  cover  overseas  (lnter-area)  trunk  costs. 
For  the  reader  without  access  to  IDA  Study  S-487,  an  excerpt  from  that  docu¬ 
ment  describing  the  rate-determining  model  Is  Included  In  Appendix  E. 
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In  IDA  S-^87  the  parameter  "a"  was  based  upon  estimates 
taken  from  ICC  tariffs,  at  something  between  .20  and  .25. 
However,  It  can  serve  as  a  policy  variable.  In  those  terms, 
current  (1978)  DCA  policy  Is  equivalent  to  assigning  "a"  a 
value  of  1.0--all  costs  to  be  recovered  from  an  access  charge. 
The  argument  for  keeping  "a"  fairly  low  Is  that  additional 
access  lines  do  not  add  to  the  common  user  cost  directly  or 
when  the  result  Is  an  Increase  In  system  throughput.  There¬ 
fore,  legitimate  AUTODIN  users  should  be  encouraged  to  utilize 
the  system's  Idle  capacity  by  means  of  additional  access  lines, 
If  necessary.  Whether  their  missions  are  thus  more  effectively 
carried  out  or  their  communications  costs  for  a  given  mission 
reduced,  the  result  Is  an  lmprovement--from  the  AUTODIN  back¬ 
bone  manager's  viewpoint.  One  Is  bound  to  note,  however,  that 
the  cost  of  the  access  line  Itself  Is  not  Included  In  this  lim¬ 
ited  AUTODIN  cost  concept.  It  is  conceivable  that  Including 
such  a  cost  within  the  AUTODIN  calculation  would  tend  to  make 
the  number  of  instances  of  potential  net  gain  from  Increased 
access  somewhat  fewer  than  the  "backbone  cost  only"  view.1 

Estimating  the  number  of  access  lines  by  speed  class  is 
not  a  major  problem  for  DCA.  Its  using  agencies  are  accustomed 
to  making  such  estimates  of  their  own  use  as  a  basis  for  bud¬ 
geting.  In  this  study  we  have  found  that  using  the  FY  1978 
estimate  for  total  lines  from  DCA  planning  documents  gives  a 
result  close  to  what  is  obtained  by  counting  the  number  of 
separately  identified  access  lines  in  the  seven  day  sample.2 


‘It  Is  recommended  that  In  subsequent  economic  analyses  some  larger  "sys¬ 
tems"  concepts  and  optimization  questions  be  addressed. 

Jlhe  Header  Extract  and  AMIE  file  Identify  access  lines  via  their  "CCSD" 
nixTbers.  lYiese  Carmand  Communications  Service  Designators  are  8  digit 
alpha  numeric  identifiers  coded  to  indicate  the  operational  control  agency, 
the  country  of  origin  on  the  line  and,  by  nunber,  a  serial  number  for  the 
line.  Because  the  data  used  were  "blinded"  to  certain  types  of  traffic 
and  OSRI  and  access  line  Information,  the  DCA  planning  document  number  for 
total  access  lines  In  FY  1977  was  used  for  calculation. 


The  costs  of  the  system  (Table  7)  are  determined  primar¬ 
ily  by  annual  lease  contracts  and  typically  are  based  upon  FCC 
tariffs  which  are  changed  only  through  Judicial  and  administra¬ 
tive  p rocedures .  In  our  Illustrations,  as  was  Indicated  above, 
we  have  simplified  the  cost  categories  to  only  two,  namely 
"trunk"  costs  and  "switch'  costs.  This  involved  arbitrary 
assumptions  about  th«.  distribution  of  overseas  trunkline  costs 
as  shown  In  Table  7  (which  shows  the  combined  At lant lc-spannlng 
and  Intra-Europe  trunk  costs)  between  "area"  and  "Inter-area" 
categories.  The  figures  used  are  shown  in  the  Illustrative 
examples  below.1 

Since  the  backbone  -csts  are  fixed  by  annual  contract,  the 
calculation  of  ;  cr  unit  volume  rates  to  recover  these  costs 
requires  an  estimate  of  annual  volume  by  distance  category.  This 
Is  a  more  difficult  estimation  problem  than  the  access  line 
case,  since  neither  DCA  nor  the  users  had  to  estimate  volume 
for  budget  planning  purposes.  The  traffic  engineers  charged 
with  providing  network  capacity  have  had  to  consider  anticipated 
■  raffle  volumes  in  epesifis  .’aarj  of  shagged  nieoione  in  order 
t  meet  grade  of  service  requirements.  The  volume  of  swltch- 
to-swltch  traffic  is  sampled  for  this  and  other  operations  pur¬ 
poses  on  a  two  days  per  month  basis.  Checks  against  these 
samples  show  that  the  annual  volume  estimate  derived  by  simply 
multiplying  the  study's  seven  day  sample  by  52  was  within  five 
percent  of  the  value  derived  by  multiplying  the  other  one  day 
samples  by  30C  (an  approximation  of  the  military  business  year). 

With  a  finer  analysis  j f  usage  that  will  be  possible  If 
the  data  collection  program  recommended  In  the  study  Is  imple¬ 
mented,  overall  volume  estimation,  as  well  as  the  distribution 
of  total  traffic  distance  categories,  should  not  be  a  problem. 


'DCA  would,  of  course,  use  the  actual  direct  lease  costs  for  the  CONUS  to 
Europe  a/id  CONUS  to  Pacific  (Hawaii,  Guam  and  Japvan)  trunk  lines  from 
their  exact  records. 
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TABLE  7.  SIMPLIFIED  AUTODIN  BUDGET  FOR 
COSTING  ILLUSTRATIONS  (BASED 
ON  DCA  FY  1978  SUBMISSION) 


Switching  Centers: 

Leased  Switches 

$32,100,000 

Amort i za  t i on 

700,000 

O&M  of  Switchifg  Centers 

13,900,000 

Other  Swi tc h- Re ’ a t ed 

200,000 

SUB-TOTAL 

$47,000,000 

Trucks 

Number 

CONUS  (Leased) 

19 

$  380,000 

Europe 

14 

880,000 

Pa c i f  ic 

12 

1,090,000 

SUB-TOTAL 

$  2,350,000 

Other  General  Expenses 

1,650,000 

TOTAL 

$51 ,000,000 

Estimating  usage  volume  at  the  lower  user  levels  Is  another 
problem  to  be  discussed  later. 


The  various  distance  rates  can  be  computed,  once  the  volume 
estimates  are  made,  as  follows  (In  $/llne  block): 


Local  rate 


•  i* Itch  Costs  (1  -  a) 
Total  Volume 


Area  rate 


Local  rate  ♦  (TftT  x  1H  x  Vw)  +  TAC 
Area  Volume 


Inter-area  rate 


Area  rate  ♦  (IAT  x  U  x  V^)  *  IftC 
Inter-area  Volume 
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'..'here : 


’  AT 


VW 


AC 


AT 


Area  trunk  terminations  *  (no.  of  trunks  x  2) 
Connectivity  weighted  unit  value  in  dollars 
Area  trunk  lease  costs 
Inter-area  trunk  terminations 


=  Inter-area  trunk  lease  costs  and  message 
volumes  are  all  measured  in  line  blocks 


Once  the  access  and  volume  rates  have  been  calculated, 
they  become  Inputs  to  the  cost -al locat ion  program.  After  iden¬ 
tifying  the  speed  class  and  FDC  of  the  access  time,  this  pro¬ 
gram  multi;iles  by  the  appropriate  rate  for  connectivity.  Then 
the  line-block  totals  for  each  sending  OSRI,  by  distance  class 
as  determined  by  the  destination/origin  switch  matrix,  are  pro¬ 
duced  by  summing  the  Header  Extract  da* a.  These  are  then  mul¬ 
tiplied  by  the  appropriate  line-block  rates  for  each  distance 
class.  The  program  then  lists  under  each  PDC  a  subaccount  by 
access  line  showing  the  access  charge,  each  OSFT's  usage  charges 
over  that  access  line,  and  the  subtotals  of  access,  usage,  and 
access  plus  usage.  These  subaccounts  are  summed  to  produce 
tto  conform  to  present  billing  practices)  usage  and  access  sub¬ 
totals  and  a  grand  total  for  each  FDC. 1 


In  summary,  the  cost-allocation  model  developed  as  a  pro¬ 
totype  for  Dl’A's  billing  procedure  can  be  described  concep¬ 
tually7  as  consisting  of  three  step3.  They  are: 

(1)  Classifying  and  accumulating  the  usage  informa¬ 
tion  into  distance  and  precedence  category  totals 
for  each  user  (OSRI) 

(2)  Computing  the  usage  charges  for  each  user  based 
upon  rate  Inputs 


‘Hie  actual  Inputs  were  *r*ekly  data  for  volume,  monthly  charges  for  access. 
TTie  flret  was  multiplied  by  5 2  to  annualize  usage  costs.  The  access  line 
charges  were  multiplied  by  12  to  complete  the  annualization. 

*The  technical  specifications  in  Appendix  A  are  the  appropriate  source  for 
a  functional  description  of  how  these  conceptual  steps  are  accomplished. 
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(3)  Combining  user  identified  usage  (OSRI)  charges 
and  cost  center  (PDC)  access  line  charges  Into 
a  statement  of  backbone  cost  liability. 

A  prior  step  Involves  computing  the  rate  Inputs  based  upon 
-he  process  described  in  the  preceding  section.  Annual  costs, 
estimates  of  annual  volume  of  usage  by  category  and  total  annual 
months  of  access  line  and  trunk  connectl  n,  are  combined  in  the 
IDA  costing  formulae,  along  with  the  policy  parameter  for 

the  Al"  memory  cost.  Table:-  6  and  •  show  the  computations  as 
used  for  Illustrative  purposes  in  ‘.he  study. 

A  facimlle  of  a  port  1  n  >f  the  computer  printout  which 
the  cost-all  -cati  n  m  lei  ;  r  lu  -es  is  shown  in  Figure  9,  with 
explanat-  ry  f  >tr.  tes.  The  numbers  In  that  printout  are  on  an 
annual  basis,  ts  ire  the  numbers  In  the  analysis  in  succeeding 
paragraphs .  practice,  however,  such  allocations  could  be 

made  on  as  short  a  period  as  desired. 

The  cost  all  cation  by  maj  r  agency  resulting  from  the 
Illustrative  par&meteri  .  shown  in  Table  10,  below.  Several 
of  the  m  re  obvious  aspects  f  this  allocation  are  worthy  of 
comment.  The  fact  that  the  three  uniformed  services  and  the 
Defense  Logistics  Agency  would  account  for  more  than  80  percent 
of  the  total  charge  tells  us  that  usage  charges  are  not  likely 
to  shift  the  burden  »w  »y  from  the  major  agencies.  We  note 
also  that  the  inly  other  major  user  is  the  "classified  commu¬ 
nity,"  which  refers  t  ‘he  Intelligence-related  communications 
for  which  mr  :ontalned  no  originator  id* ml  Ification. 

We  were  Informed  thai  t  substantial  fraction  of  this  traffic 
could  well  have  originated  with  agencies  and  offices  already 
identified  In  the  sample  types  with  associated  nonintelligence 
traffic  volumes.  fhus ,  we  have  assumed  that  In  the  actual 
billing  process  of  DCA,  where  the  originating  ag.ency  will  be 
known  tc  the  accounting  authorities  at  DECCO,  the  allocation 
of  this  classified  traffic  will  not  alter  the  basic  shares  as 
Indicated  in  our  analysis. 


Table  8  SAMPLE  AUTODIN  BACKBONE  SYSTEM  PARAMETERS3 


CONNECTIVITY  MEASURES  (ANNUAL  BASIS) 


ACCESS  line  CONNECTIONS 

(ALL  SPEEDS)  i 

64,000  wlghtrt  uni  tt  (N) 

AREA  INTERSHITCH  TRUNKS 

•  37  I 

12.432  otignttd  unit» 

INTER-AREA  INTERSMITCN  TRUNKS  •  14  1 

4.704  unit* 

total 

101.136 

COSTS  (ANNUAL  BASIS) 

AREA  TRUNKS 

I  600.000 

<v 

INTER-AREA  TRUNKS 

1.7SO.OOO 

SNITCH  ANO  OTHER  STSTEN 

COSTS  48,650.000 

(S) 

TOTAL  •  IS). 000. 000 

USAGE  VOUHE:  (Ann««l  Bgjli):  LINE  BLOCKS6 


LOCAL 

• 

1.417.213.600 

(X) 

AREA 

• 

2.206.716.200 

(T) 

INTER-AREA 

• 

90S, 575. 700 

(2) 

total 

• 

4.259.505,500 

*Sjr«6olt  In  p<r«fitli(MS  r#f*r  to  t#r*t  In  rit«  Kjuotlont  of  S-487. 

6XA  7*a<>  I«np1«  *»luM  I  52. 

Another  Item  to  note  is  that  the  use  of  the  parameter 
2 7.5  percent  for  the  portion  of  switch  costs  to  connectivity 
results  in  an  allocation  of  ibout  22  percent  of  total  cost 
to  connectivity  or  78  percent  to  usage.  However,  a  glance 
at  the  numbers  shows  that  there  are  wide  variations  across 
agencies  in  the  division  of  costs  between  the  connectivity 
charge  and  usage  rates.  Under  the  proposed  rates,  for  Instance, 
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Table  9.  AUTODIN  SYSTEM:  SAMPLE  RATE  CALCULATIONS 


POLICY  PARAMETER : 


COMPUTATION  OF  *•*  And  *b* 

MEMORY  USES  IS  PROPORTIONAL  TO  WEIGHTED  UNITS 
T"“s  •  • 

•  •  mtm  •  •«’ 

COMPUTATION  OF  0  and  d 

0  •  (l-a-b)R  »h«ra  R  •  «S 
0  •  (1  -  .123  -  . OAT )  (48.6S0.000  i  .275) 

0  ■  S11.140.000 

d  •  g  •  1 1 p,r  ■•19ht*d  unit  •  $130  (roundad) 


COMPUTATION  OF  C^Cj.Cj 

ci  *  •  s  JItfsoiTYOT  '  *-00827  •l008 

c2  -  t  ♦  ^  *  -00827  *  ’  •°0897  ■,-00’ 

c,  •  4  ^r5-  ’  -00897  *  *  0,157  ■,-012 


the  Air  Force  and  Army  would  be  paying*  about  71  percent  on  a 
usage  basis;  the  Navy  would  pay  almost  77  percent;  DCA  would 
pay  about  76  percent.  But  the  Defense  Logistics  Agency  would 
pay  about  9 2  percent,  for  usage  and  FAA  only  13  percent! 

What  these  percentages  tell  us  Is  how  Intensively  each 
agency  Is  using  Its  access  lines,  at  least  In  a  relative  sense 
This  Is  not,  of  course,  a  measure  of  efficiency.  It  would  be 
so,  however,  If  each  agency  was  Identical  (or  nearly  so)  with 
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Figure  9.  COST  ALLOCATION  MODEL:  SAMPLE  OUTPUT 
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Table  10.  ALLOCATION  OF  AUTODIN  BACKBONE  COSTS3 


Agency 

Costs  ($  000‘s) 

Connecti vi ty 

Usage 

Total 

Air  Force 

$4,049 

-  .  1 

$  9,922 

$13,970 

Army 

3,246 

7,847 

11,094 

Navy 

2,329 

7,;  j8 

10,068 

Defense  Logistics  Agency 

621 

7,01 1 

7,632 

Defense  Communications  Agency 

220 

680 

900 

Federal  Aviation  Agency 

1  78 

26 

204 

iDefense  Happing  Agency 

33 

57 

90 

State  Department 

_  _  b 

56 

56 

Armed  Services  Info.  Office 

5 

133 

138 

General  Services  Administration 

5 

181 

186 

Classified  Community 

_  _b 

4,672 

4.672 

Others 

414 

576 

1,090  1 

'total 

1 _  _  _ 

$11,110 

-  _ 

$38,900 

$51 ,000 

aBased  on:  Connectivity  weighted  unit  *  $130,000 
Usage  rate  per  line  block 

local  8  $  0.008 

area  8  $  0.009 

inter-area  8  $  0.012 

^Distributed  over  and  accounted  for  in  other  agencies 

respect  to  the  nature  and  geographic  distribution  of  its  com¬ 
munications  demands.  But  we  know,  for  Instance,  that  DLA  has 
relatively  few  centralized  activities  in  a  few  locations  pro¬ 
cessing  large  data  volumes  on  a  routine  basis  and  using  only 
high  3peed  lines.  The  FAA,  on  the  other  hand,  has  a  network  of 
facilities  distributed  fMrly  uniformly  over  the  North  American 
continent  to  provide  coverage  of  the  air  3pace  for  contingency 
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purposes.  It  may  be  that  within  the  uniformed  services,  there 
are  groups  of  users  with  contingency-related  access  lines  simi¬ 
lar  to  FAA.  However,  because  defense  activities  tend  to  be 
geographically  clustered,  other  users  In  the  vicinity  with 
routine  peace-time  communications  needs  can  make  use  of  these 
access  lines,  so  that  usage/access  ratios  are  similar  across 
the  major  user  categories. 
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VI.  PREDICTING  RESPONSE  TO  USAGE 
CHARGES:  DEMAND  THEORY1 

Our  illustration  has  shown  what  the  distribution  of  costs 
among  users  would  have  been  for  the  rates  as  shown  and  assuming 
the  one  week  sample  as  representative  of  the  annual  usage 
volume  and  distribution.  The  computer  program  used  for  process¬ 
ing  the  data  to  get  these  results  (as  we  were  able  to  demonstrate 
for  officials  of  the  responsible  activities  at  the  Defense  Commer' 
clal  Communications  Office)  could  be  used  to  process  actual 
usage  data  on  a  monthly  basis  and  bill  each  agency  for  its 
AUTODIN  services.  However,  the  current  budget  procedures  and 
policies  require  that  each  budget  accounting  entity  include  in 
its  appropriations  request,  which  precedes  the  fiscal  year  by 
lS  months,  an  amount  to  cover  its  payments  to  DCA  for  AUTODIN 
(as  well  as  AUTOVON)  services.  In  order  to  assure  that  pay¬ 
ments  from  these  customers  will  reimburse  the  Communications 
Services  Industrial  Fund,  DCA  must  set  rates  for  services  based 
on  customer  usage  estimates.  Under  the  connectivity-only  rate 
system  currently  used,  the  estimation  problem  has  apparently  not 
been  too  difficult;  at  least  since  the  stabilization  of  the 
armed  forces  size  and  location  since  the  end  of  the  Vietnam 
emergency.  In  proposing  to  change  the  rate  basis  fairly  radi¬ 
cally,  the  usage-sensitive  rate  policy  require?  a  new  emphasis 
on  estimating  future  demand. 


'"Hie  following  analysis  was  developed  by  Brldger  M.  Mitchell  in  "Optimal 
Pricing  of  Local  Telephone  Service,"  published  in  The  American  Econcmric 
Reviev,  September,  1978,  Vol.  68,  No.  <4,  pp  517-537. 
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AUTODIN  utilization  Includes  both  the  number  of  direct 
user  connections  and  the  amount  of  usage  (messages  or  lines  of 
information  transmitted).  Connection  decisions  are  approved  by 

communications  managers  acting  on  requests  from  actual  users» 
providing  the  requests  meet  operational  guidelines  of  the  Joint 
Chiefs,  who  are  the  authorizing  authority  for  access.  While 
day-to-day  usage  decisions  are  made  by  operatives,  they  are 
constrained  by  the  design  of  the  user  system  and  by  usage  pro¬ 
cedures.  Thus  administrators  Influence  usage  decisions  as 
wel  1 . 

There  are  a  number  of  alternative  ways  In  which  user  com¬ 
munication  needs  can  be  met.  AUTODIN  can  be  accessed  Indirectly 
by  feeding  messages  through  connected  switchboards  of  other 
users.  Dedicated  lines  can  be  leased  from  commercial  sources. 
Effort  can  be  directed  toward  reducing  the  number  of  error- 
caused  repeat  messages. 

To  the  extent  they  have  choices,  administrators  may  seek 
to  minimize  the  budget  cost  of  providing  a  given  level  of 
communications  services.  For  example,  administrators  may  be 
able  to  transfer  funds  saved  In  the  communications  budget  to 
the  budgets  for  other  functions.  Alternatively,  they  may  seek 
to  provide  the  maximum  level  or  quality  of  communieat Ions 
services  possible,  given  their  communications  budgets.  In 
any  event,  the  users  can  be  expected  to  respond  to  changes 
In  AUTODIN  prices  by  changing  the  nature  of  their  utilization 
of  AUTODIN. 

In  making  their  connection  decisions,  administrators  con¬ 
sider  the  total  budget  cost  of  performing  a  particular  commu¬ 
nications  service,  under  both  AUTODIN  and  other  methods.  If 
either  the  connectivity  price  or  the  usage  price  Is  increased, 
the  budget  cost  for  the  AUTODIN  alternative  increases.  For 
at  least  some  communications  services,  such  an  increase  is 
sufficient  to  cause  administrators  to  decide  against  connecting 
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to  AUTODIN.  Thus  the  demand  for  AUTODIN  connections  depends 
inversely  on  the  levels  of  connectivity  and  usage  prices. 

The  amount  of  AUTODIN  usage  (information  and  messages 
transmitted)  also  depends  Inversely  on  both  the  connectivity 
price  and  the  usage  price.  An  increase  in  the  usage  price 
provides  an  incentive  for  administrators  to  institute  procedures 
to  reduce  the  amount  of  information  transmitted  by  means  of 
existing  AUTODIN  connections.  In  addition,  an  increase  in  the 
connectivity  price  reduces  the  number  of  connections,  and  thus 
may  eliminate  usage  associated  with  the  connections  not  made. 

According  to  the  theory  sketched  above,  an  increase  in 
connectivity  and  usage  prices  leads  to  a  decrease  in  the  number 
of  AUTODIN  connections  and  in  the  amount  of  usage.  Also, 
price  decreases  lead  to  Increases  in  the  number  of  connections 
and  in  the  amount  of  usage.  But  the  proposal  for  usage-sensitive 
pricing  calls  for  a  decrease  in  the  connectivity  price,  and  for 
an  Increase  (from  zero)  in  the  usage  price.  Because  changing 
the  two  prices  in  opposite  directions  leads  to  con “"l  let ing 
administrative  incentives,  the  net  effect  on  AUTODIN  utilization 
depends  on  the  characteristics  of  the  demand  relationships, 
and  on  the  amounts  of  the  price  changes.  The  process  can  be 
illustrated  by  means  of  the  graphs  in  Figure  10a  and  Figure  10b. 

These  graphs  show  the  relationships  among  connectivity  and 
usage  demands  and  prices.  To  read  the  graphs,  note  that  the 
vertical  axes  measure  price  levels,  and  the  horizontal  axes 
measure  quantities  demanded.  Values  equal  zero  at  the  inter¬ 
section  of  two  axes,  and  Increase  as  you  read  away  from  the 
intersection.  The  straight  lines  which  slope  downward  (from  left 
to  right)  are  demand  curves.  Each  point  on  a  demand  curve 
shows  the  quantity  which  would  be  demanded  at  a  particular  price. 
The  quantity  corresponding  to  a  particular  point  on  a  demand 
curve  is  the  value  assigned  to  the  point  directly  below  it  on 
the  horizontal  axis.  Similarly,  the  price  corresponding  to  a 
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Figures  10a  and  10b.  NOTIONAL  DEMAND  FOR  COMMUNICATION  SERVICES 

particular  point  on  a  demand  curve  is  the  value  assigned  to  the 
point  directly  to  the  left  of  it  on  the  vertical  axis.  For 
example,  in  Figure  10a,  the  point  labelled  A  on  the  demand  curve 
labelled  represents  the  quantity  Q°  and  the  price  P°. 

The  demand  curve  labelled  D°  in  Figure  10  depicts  the 

C  U 

relationship  between  the  number  of  connections  (Qc)  demanded 
and  the  connectivity  price  ( ) ,  assuming  that  the  usage  price 
(P  )  remains  constant  at  the  level  0.  The  demand  curve  (D°) 
slopes  downward  (from  left  to  right),  showing  that  the  demand 
for  connections  increases  as  the  connectivity  price  decreases. 
Similarly,  the  demand  curve  (D°)  in  Figure  10b  depicts  the 
inverse  relationship  between  the  demand  (Qu)  for  usage  and  the 
usage  price  (P^),  given  that  the  connectivity  price  remains 
constant  at  the  level  P°.  In  the  base  situation,  with  connec- 
tivlty  and  usage  prices  equal  to  Pp  and  0,  (respectively),  the 

corresponsing  connectivity  and  usage  demands  equal  Q°  and  Q°. 

c  u 


uu 


t 
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Under  usage-sensitive  pricing,  the  usage  price  is  increased 

to  some  positive  level,  say  P*.  The  revenue  thereby  generated 

permits  a  reduction  of  the  connectivity  price,  say  to  P* .  1  Since 

connectivity  demand  depends  Inversely  on  usage  price,  the 

increase  in  usage  price  means  that  fewer  connections  are  demanded 

at  each  connectivity  price;  thus,  the  connectivity  demand  curve 

in  Figure  10a  shifts  inward  to  D*.  Similarly,  the  decrease  in 

1  c 

connectivity  price  to  P,  causes  the  usage  demand  curve  in  Flg- 

<-  i 

ure  10b  to  shift  outward,  to  D  .  Connectivity  and  usage  demands 

u  11 

under  usage-sensitive  pricing  are  those  demands  (Q  ,  Q  )  asso - 

11  c  u 

elated  with  the  usage-sensitive  prices  (F  ,  P  )  on  the  new 

1  c  u 

demand  curves  (D  ,  D  ). 

c  u 

Figures  10a  and  I  'd  are  drawn  30  that  usage-sensitive  pric¬ 
ing  results  in  an  increase  In  the  number  of  connections  (from 

to  ^‘)  and  In  a  decrease  in  the  amount  of  usage  (from  Q°  to 
c  c  ■  u 

) .  The  results  which  wouil  actually  occur  depend  on  the 
levels  at  which  usage-sensitive  prices  would  be  set,  and  on  the 
characteristics  of  the  connectivity  and  usage  demand  relation¬ 
ships. 

The  degree  of  response  of  connection  demand  to  a  change 
In  connection  prices  is  measured  by  the  elasticity  of  demand2 
for  connections. 

This  Is,  In  terms  of  the  graphs,  defined  as 


P  dQ 
c  c 


'in  theory,  demand  for  connections  could  be  so  responsive  to  clraiges  in  the 
price  of  connections  that  reducing  tint  price  would  result  in  an  Increase 
in  connection  revenue.  However,  the  proposal  for  usage-sensitive  pricing 
assumes  that  event  to  be  unlikely. 


2These  are  "point"  elasticities,  tliat  Is,  Instantaneous  rates  of  change. 
"Arc"  elasticities  which  are  often  not  consistent  with  basic  analytical 
techniques  are  used  In  later  illustrative  material.  Art'  elasticity  would 


be  Eu 


Pu  H 


where 


elasticity  of  demand  for  connections 
Initial  price  of  connection 
number  of  connections  • 


n 


c 


P 

c 


Similarly,  the  elasticity  of  demand  for  usage  would  be 


dQ. 


Q. 


dP 


Mitchell1  notes  that  very  little  empirical  evidence  for  the 
values  of  these  elasticities  In  residential  and  business  tele¬ 
phone  exists,  but  suggests  a  range  of  -0.1  to  -0.4  for  connec¬ 
tions  as  a  function  of  that  rate  charge  and  -0.1  to  -0.7  for 
usage  as  a  function  of  per  call  charges. 


Such  figures,  of  course,  cannot  be  directly  transferred 
to  the  analysis  of  AITODIN  demand,  but  they  can  provide  some 
first  approximations. 


What  one  also  needs  to  know  (since  as  we  note  above,  the 
connectivity  rate  and  usage  rate  are  varied  together  to  cover 
the  total  cost)  are  the  values  of  the  cross-elasticities  of 
demand.  Cross-elasticity  measures  the  demand  response  for 
one  service  to  changes  In  the  price  of  a  complementary  service. 
In  our  terms,  the  cross-elasticity  of  demand  for  usage,  for 
Instance,  would  be  expressed  as 

dQ  /Q 

o  .  _ y _ u 

uc  dP  /P . 

c  c 

where 

G  =  cro33-ela3ticlty  of  usage  with  respect  to 
uc  connection  price. 


Similarly,  the  cross-elasticity  of  demand  for  connections  would 
be 


dV9c 

cu  dP  /Pu 
u 

where 

0,  =  cross-elasticity  of  connections  with 

respect  to  usage  price. 

Just  how  the  opposing  effects  will  settle  out  can  only  be 
conjectured.  One  cannot  assume  without  question  that  govern¬ 
ment  agencies  will  behave  as  if  they  were  Individuals  or  busi¬ 
ness  enterprises  engaged  in  maximizing  profit  and  thus  posit 
similar  responses.  On  the  other  hand,  there  is  no  well  under¬ 
stood  theoretical  literature  of  bureaucracy  which  talks  about 
quantitative  responses  to  inter-bureau  fund  transfers  such  as 
are  Involved  here.  Some  questions  can  be  settled  by  making 
the  rate  changes  and  observing  the  response  of  the  various 
agencies.  However,  the  budget  process  requires  that  an  esti¬ 
mate  be  made  in  advance.  In  the  following  section  we  discuss 
some  of  the  ways  in  which  the  analysis  of  this  study  and  its 
predecessor  cm  be  used  to  begin  to  narrow  the  band  of  uncer¬ 
tainty  about  system  response  to  usage-sen3itive  pricing. 


VII  . 


PREDICTING  RESPONSE  TO  USAGE  * SE NS  I T I VE 
PRICES:  SPECULATIVE  ILLUSTRATIONS 


Absent  any  systematic  data  on  price  changes  and  user 
response  or  any  theory  of  "bureaucratic"  demand,  we  can  rely  on 
the  ba  lc  principle  that  the  response  must  lie.  In  every  case, 
somewhere  between  what  we  would  expect  of  a  private  business 
under  similar  circumstances  and  the  completely  perverse  behav¬ 
ior  of  a  bureau  Interested  only  In  maximizing  Its  budget  and 
thus  selecting  the  most  costly  of  all  alternatives  offered. 

In  the  first  case,  we  suggest  how  an  estimate  of  user  response 
based  upon  graphically  estimated  demand  elasticities  and  uti¬ 
lizing  a  sut sample  of  the  data  by  access  line'  might  be  used 
to  obtain  a  sort  of  "reasonable  bound"  on  response  In  the 
aggregate.  In  the  second,  the  c  st-ai locat Ion  model  Is  run 
with  various  rate  levels  to  examine  the  allocations  that  would 
r<  suit*  This  no-respo:..  •  x  UB)  Le  is  St  1  11  less  than  the  abso¬ 
lute  upper  bour.  ‘  of  the  mythical  budget  maximizer. 

For  our  example  of  estimating  demand  we  will  simply  sketch 
some  assumptions  and  use  a  graphic  technique  to  hold  our  numeri¬ 
cal  speculation  within  bounds.  The  purpose  Is  to  Illustrate 
economic  reasoning.  Given  actual  data  containing  responses  to 
changes,  one  would  proceed  using  regression  analysis  and  other 
replicable  methods.  To  simplify  and  shorten  the  discussion  we 
have  constructed  the  example  using  separate  usage  and  connec¬ 
tivity  elasticities.  In  practice  the  relevant  measures  Include 
the  cross-elasticities. 


'Because  of  the  procedures  used  in  processing,  sene  data  elements,  correct 
In  the  aggregate,  are  Incorrectly  listed  In  sane  detailed  printouts.  Most 
are  obvious  and  can  be  excluded  from  hand-drawn  subsamples. 
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The  graphic  technique  involves  starting  with  the  usage 
volumes  and  number  of  connections  shown  In  the  sample  and  In 
other  DCA  data  sources.  Then  graphs  similar  to  Figures  10a 
and  10b  were  constructed  by  assuming  demand  elasticities  on 
the  order  of  -0.1  to  -0.4  for  connections  and  for  usage  for 
high-speed  users.  The  changes  in  connections  and  usage  were 
then  estimated  separately  (rather  than  attempting  cross- 
elasticity  analysis). 

Let  us  assume  that  the  elasticity  of  demand  for  connections 
is  lowest  for  high-speed  customers  and  highest  for  low-speed 
customers.  For  usage,  we  assume  that  high  and  low  speed  are 
more  insensitive  to  usage  charges  than  medium  speed.  The  argu- 
nen*  for  this  latter  assumption  is  that  high-speed  users  are 
principally  data  transmitters,  with  few  alternatives  other  than 
AFTODIN  and  with  quantities  of  data  fixed  by  routine  support 
requirements  which  dc  not  vary.  Low-speed  users,  at  the  opposite 
end,  send  very  little  except  >ccasional  test  messages  and  these 
must  travel  AtJTODIN--otherwlse  the  relatively  high-connection 
charge  would  not  have  been  paid.  The  curve  for  the  high-speed 
users  becomes  the  guide  for  the  other  two  which  are  sketched 
free  hand.  By  using  the  same  zero  price  point  for  each  demand 
curve  and  changing  the  scales  appropriately,  numbers  can  be 
read  off.  The  result,  shown  in  Table  11,  is  consistent  with 
the  assumptions.  Opposite  results  could  be  obtained  almost  as 
easily.  Nonetheless,  one  is  able  to  make  a  few  points  which 
are  useful. 

In  Table  11,  Fart  A,  "Current  Structure"  is  based  on  data. 
The  FY  1978  revenue,  with  the  existing  connectivity-only  rates, 
would  be  about  $4 9.7  million  (the  loss-carryover  Is  not  Included; 
thus  the  difference  from  $51  million  used  In  other  examples). 

If  our  elasticity  estimates  were  correct,  the  structure  of 
usage  and  connectivity  rates  derived  in  the  previous  sections 
would,  as  shown  in  Part  B,  produce  revenues  amounting  to  some 
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$59.6  million.  Under  our  assumptions,  the  expansion  of  users 
resulting  from  the  connectivity  charge  reduction  would  more 
than  offset  the  decline  In  per  customer  usage  (as  opposed 
to  a  no-charge  policy)  resulting  from  the  proposed  charge 
for  usage. 

Mote  that,  of  the  total,  $13.8  million  Is  assumed  to  be 
collected  from  connectivity  and  1^5*8  million  from  usage.  Were 
this  a  conclusion  from  data,  one  would  want  perhaps  to  consider 
reducing  the  average  charge  per  line  block,  If  the  connectivity 
were  unchanged.  Given  appropriate  data,  one  would  want  to 
calculate  cross-elasticities,  which  are  appropriate  to  produc¬ 
tion  response  to  changing  both  prices. 

The  other  approach  to  ranging  in  on  demand  changes  Is  to 
vary  the  parameters  In  the  cost -al locat Ion  program,  leaving 
message  volumes  and  connections,  that  Is  to  say  the  demand, 
unchanged.  The  result  Is  the  allocation  If  there  were  no 
response  to  changes  In  charges.  The  results  for  the  ma.l  or  users 
are  shown  In  Table  1?  and  In  Figure  11. 

The  essence  of  the  charge  basis  change  Implied  by  the 
earlier  study  recommendations  can  be  seen  In  comparing  the  first 
two  columns  In  Table  IT  or  noting  the  trends  of  the  curves  In 
Figure  11  from  the  left  scale  to  the  points  specified  by  the 
dots.  "hanging  the  charge  basis  has  the  effect  of  selecting 
the  pattern  of  cross-subsidy  between  Air  Force  and  Army  and 
the  Defense  Logistics  Agency.  Under  the  connectivity-only  rate 
scheme  the  Air  Force  and  Army  can  be  thought  of  as  subsidizing 
the  Defense  Logistics  Agency's  AUTODIN  service.  Under  a  purely 
usage-based  rate  system,  the  opposite  would  be  true.  While 
the  three  agencies  mentioned  are  the  only  ones  involving  rela¬ 
tively  large  changes,  the  shift  of  charges  In  smaller  agencies 
such  as  PAA  and  GSA ,  while  relatively  small,  can  bulk  fairly 
large  In  their  budgets.  The  $600,000  reduction  that  might 
occur  in  F  A  A ' 3  AUTODIN  charge,  for  Instance,  would  pay  for  a 
substantial  number  of  GS-1^  air  controllers. 
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CHARGES  ($  MILLIONS) 


FRACTION  OF  SWITCH  COST  TO  CONNECTIVITY 


Figure  11.  EFFECT  OF  VARYING  CHARGE  BASIS:  S51  MILLION  SYSTEM 
COST  (1978  Sample  Data,  IDA  Cost  Allocation  Model) 


What  Table  12  and  Figure  11  also  show  is  what  would  be  the 
case  if  AUTODIN  utilization  did  not  respond  to  changes  in  the 
charge  basis.  The  larger  the  Indicated  change,  the  less  likely 
it  is  that  the  affected  agency  would  not  respond.  Actually,  the 
cost-allocations  computer  program  can  be  used  to  calculate  the 
no-response  budget  consequences  of  any  set  of  rates  and  charges. 
3y  identifying  the  agencies  that  would  be  impacted,  it  can 
provide  DCA  with  an  indication  of  agencies  that  need  to  be 
studied  in  more  detail,  or  whose  estimates  of  usage  and  connec¬ 
tions  under  a  proposed  rate  change  need  to  be  analyzed  carefully, 

It  is  possible  also  to  present  hypothetical  AUTODIN  back¬ 
bone  cost  allocations  down  to  OSRI  detail.  We  have  not  done 
so  in  the  study,  but  if  the  kind  of  analysis  suggested  by  the 
previous  sections  on  demand  is  to  take  place,  this  is  what 
should  be  done  by  DCA.  Communications  needs  and  likely  respon¬ 
ses  make  sense  in  terms  of  kinds  of  activities,  not  over  whole 
agencies.  That  is  to  say,  a  central  supply  activity  of  the  Air 
Force  is  likely  t<  have  more  in  common  regarding  AUTODIN  demand 
with  a  similar  activity  In  the  Army  than  it  does  with  a  Tactical 
Air  Forces  'cmmand  Headquarters  perhaps  located  at  the  same 
installati  n  is  *  he  Air  Force  Uupply  Unit. 


VIII.  IMPLEMENTATION  AND  EFFICIENCY  CONSIDERATIONS 


The  conflict  between  equity  and  efficiency  in  allocating 
AUTODIN  costs  was  discussed  in  detail  in  the  IDA  study  which 
preceded  this  effort.1  In  reconnending  that  AUTODIN  comnon 
costs  be  allocated  to  agencies  in  large  part  based  upon  the 
volune  of  usage,  weighted  by  "prices",  it  was  recognized  that 
a  new  element  of  distortion  was  being  Introduced  into  the  cost 
allocation  system.  Since  for  most  foreseeable  levels  of 
AUTODIN  demand,  additional  messages  would  not  add  to  the  "back¬ 
bone"  cost,  the  appr  prlate  marginal  cost  and  thus  the  appro¬ 
priate  price  could  only  be  zero.  The  user  choosing  whether  or 
not  to  send  a  message  would  make  the  <  onomically  efficient 
choice  if  he  treated  messages  as  free.  within  the  limits  of 
system  capacity,  and  considering  only  the  backbone  cost,  addi¬ 
tional  access  connections  should  also  be  priced  at  aero.  Under 
the  current  system,  access  involves  substant ial  charges  to  the 
using  agency.  Thus  the  ih  I se  pr  sees  for  access  lines  is  also 
distorted  by  positive  pr icec--access  should  also  be  free. 

How  to  minimize  the  effect  of  this  distortion  constitutes 
a  problem  for  those  setting  rates  for  usage  and  volume.  The 
eff^r'  of  this  study  has  been  Slrected  n ■  >t  at  the  rate  setting 
problem,  but  at  the  means  of  applying  the  rates,  once  determined, 
to  allocate  costs.  However,  that  same  mechanism  can  provide  the 
da* a  which  are  needed  to  devise  policies  to  minimize  distortion. 
To  do  so  one  would  want  to  select  "second  best"  connectivity 
and  usage  prices  that  fully  allocate  cost  and  produce  the  same 
relative  distortion  in  the  number  of  connections  and  the  volume 

*3eazer,  et  at.,  TTA  S-A87,  op.  ait. 


of  usage.  What  one  needs  for  this  purpose  is  some  idea  of  the 
price  elasticities  and  cr  ss  elasticities  of  demand  for  access 
and  usage.1  The  data  collected  in  the  process  of  usage  billing, 
with  new  access  and  usage  prices,  will  provide  the  first  quanti¬ 
tative  information  on  such  demand  functions. 

Some  idea  of  the  shape  of  total  and  individual  user  demand 
functions  (the  sort  of  data  we  "invented"  in  Section  VII  above) 
could  be  obtained  by  comparing  *  he  quantities  of  connections  and 
usage  under  the  current  connectivity-only  pricing  scheme  with 
results  after  the  proposed  change.  In  this  respect  it  is  prob¬ 
ably  imperative  that  additional  data  be  collected  on  a  user-by¬ 
user  tasis  before  any  new  rate  scheme  is  implemented  in  order 
to  have  a  more  reliable  base  point.  Since  the  current  DCA 
budget  process  requires  that  planning  rates  be  published  to 
users  as  much  as  1?  months  in  aivance  of  the  relevant  budget 
year,  ‘he  first  usage  sample  may  be  obtainable  only  during  the 
year  pre-eding  usage-pricing  ire.  lenentat  ion  but  after  the 
announcement  of  the  rates.  The  "announcement  effect"*'  could 
cause  *  he  adjustment  to  take  place  in  two  steps  which  would 
-- i v e  I  'A  an  *•  a r  1  y  ir.iic  »t  ion  of  any  Impending  shortfall  or 
over-*  'lie.-*  ion  f  backbone  charges. 

The  'hanges  In  usage  and  connections  occurring  in  the 
year  before  the  new  rates  take  place  could  give  an  indication 
of  the  direction  and  magnitude  of  the  response  to  the  rate 
changes.  .'ould  is  emphasised,  since  only  subsequent  experiences 
ifter  r.v  es  ire  im;  lcmcnt.ed  :an  confirm  hypotheses  developed  from 
analyzing  the  lata,  .dome  effects  may  take  years  to  work  out. 

>A  seminal  reference  to  second-best  pricing  is  W.S.  Raumol  and  D.F. 

Bradford,  "Optlmnl  Deoartures  fr xn  Marginal  Cost  Pricing,"  American 
Economic  Review,  June,  1970. 

JAn  exarj>le  would  be  the  announcement  of  a  material’s  price  increase  by 
suppliers  to  take  effect  at  a  later  date.  This  provides  producers  with 
an  opportunity  to  add  to  inventories  now,  thus  increasing  current  sales 
for  suppliers — an  announcement  effect  opposite  to  the  responses  to  the 
ac  t  ual  inc  rea  se . 
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There  are  some  procedural  3teps  which  DCA  can  take  to 
minimize  any  new  distorting  effects  of  allocating  cost  on 
a  usage  basis.  At  the  risk  of  stating  the  obvious,  we  will 
mention  them  for  completeness.  One  possible  step  has  been 
ruled  out,  and  that  Is  eliminating  the  cost  allocation  process 
entirely,  letting  AUTODIN  be  a  DoD  overhead  cost  paid  out 
of  appropriations  directly  to  DCA,  with  access  controlled 
solely  on  administratively  determined  need.  While  this  might 
be  sensible  for  AUTODIN  backbone.  It  does  not  apply  to  other 
common  user  systems  such  as  AUTOVON  and  future  systems  such 
as  AUTODIN  II,  or  Indeed  to  the  whole  AUTODIN  activity,  where 
marginal  costs  of  additional  service  are  not  zero. 

However,  it  remains  true  that  decisions  at  the  level  of 
message  originators  on  whether  or  not  to  use  an  existing 
AUTODIN  access  for  a  particular  communication  cannot  have 
any  cost  consequences--for  the  AUTODIN  backbone  cost  that  is 
being  allocated.  Therefore,  agency  and  system  managers  do 
not  want  such  lower  level  managers  to  treat  AUTODIN  rates 
as  prices  In  the  ordinary  sense.  The  form  In  which  the  cost 
allocation  "billing"  Is  computed  suggests  that  prices  (rates) 
times  usage  drives  cost.  While  this  tells  us  how  the  AUTODIN 
system's  "benefit"  Is  distributed  and  what  an  equitable  alloca¬ 
tion  3hould  be,  it  Is  information  that  can  only  be  properly 
Interpreted  by  managers  with  a  system  overview  responsibility. 

In  the  preceding  discussion  and  in  our  recommendations, 
we  have  tacitly  assumed  that  decision  makers  at  the  uniformed 
services  major  command  level  consider  the  overall  budget 
impact  of  their  decisions  about  allocating  resources  for 
communications.  In  short,  It  is  assumed  that  they  understand 
the  rationale  behind  user  charges  for  AUTODIN  and  would  not 
make  decisions  that  reduce  their  AUTODIN  budgets  at  the 
expense  of  Increased  total  defense  communications  cost.  To 
the  extent  this  is  not  true,  the  managers'  actions  could 


introduce  more  serious  usage  distortions  since  they  make  major 
alternations  In  system  configuration. 

One  can  suggest  that  DCA  urge  the  agency  managers  to 
avoid  equating  AUTODIN  rates  and  prices  and  adopting  strategies 
to  minimize  agency  budgets  that  can  only  be  self-defeating 
in  the  long  run.  This  is  a  managerial  and  educational  effort 
to  which  this  report  can  perhaps  contribute. 

An  alternative  would  be  to  adopt  some  other  procedure 
than  concurrent  billing.  By  concurrent  billing  we  mean  a 
procedure  by  which  the  using  agencies  reimburse  the  CS1F  each 
month  based  on  actual  activity  in  the  prior  month.  The  number 
and  speed  of  access  lines  connected,  times  the  appropriate  charge, 
plus  the  number  of  line  blocks  in  each  category,  times  the 
appropriate  rate,  would  yield  a  total  bill  for  the  month  in 
dollars.  For  any  sub-unit  this  could  vary  from  month  to  month, 
depending  upon  its  activity.  Such  a  procedure  makes  a  compar¬ 
ison  between  the  budgeted  spending  rate  for  AUTODIN  and  the 
actual  spending  rate  not  only  possible,  but  likely,  and  clearly 
will  be  conducive  to  efforts  to  match  budget  and  actual  cost 
by  limiting  AUTODIN  usage--economl ca  1  ly  speaking  a  wrong  response 
from  a  system  viewpoint. 

One  could  deal  with  this  partly  by  computing  an  annual 
budget  on  the  basis  of  prior  year  usage  and  billing  each 
month  on  the  basis  of  one-twelfth  of  the  total.  While  more 
compatible  with  the  economic  logic  of  our  prior  study  support¬ 
ing  usage  charges,  adoption  of  this  strategy  would  involve 
changing  budget  procedures  and  raise  some  questions  about  the 
use  of  samples  in  cost  allocation.  The  chief  merit  of  such 
a  procedure,  however,  would  be  that  it  would  largely  eliminate 
the  problem  of  forecasting  demand.  But  inasmuch  as  allocations 
of  cost  would  be  collected  regardless  of  budget  year  user 
behavior,  the  whole  process  of  adjustment  would  take  place  in 
the  negotiation  over  budget  formulation.  It  would  be  difficult 
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*  to  counter  the  argument  for  a  reduced  AUTODIN  budget  from  a 

using  agency  that  had  been  allocated  an  AUTODIN  cost  share  on 
the  basis  of  last  year's  usage  and  now  could  show  a  specific 
plan  for  considerably  reduced  activity  in  the  budget  year. 

» 

Whether  to  accept  the  risk  of  undercollection  owing  to 
forecasting  errors  inherent  in  concurrent  billing  under  chang¬ 
ing  rates,  or  to  undertake  the  administrative  wrangle  of  chang¬ 
ing  budget  procedures  to  permit  enforceable  fixed  annual  allo¬ 
cations,  is  already  DCA's  decision.  Considerations  not  thought 
germane  to  the  study  could  well  be  dominating.  However,  on 
pragmatic  grounds,  it  should  be  noted  that  the  forecasting 
problem,  given  seme  attention  to  analysis  of  data,  should 
diminish  cons iderably  after  the  first  year  or  two  of  usage- 
sensitive  pricing,  which  argues  for  concurrent  billing.  Fur¬ 
thermore,  any  future  billing  system  employing  usage  charges 
where  traditional  marginal  cost  pricing  is  appropriate  should 
be  concurrent,  so  that  fairly  low-cost  experience  with  the 
mechanics  of  such  billing  for  AUTODIN  could  be  Justified  on 
its  carry-over  value. 

t 
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IX.  CONCLUSIONS  AND  RECOMMENDATIONS 


Having  demonstrated  the  feasibility  of  collecting  and 
processing  the  data  for  billing  AUTODIN  users1  for  service 
based  upon  prices  for  connectivity  and  for  usage,  the  principal 
study  recommendation  Is  that  the  usage-sensitive  costing  scheme 
conceptualized  In  IDA  Study  S-4872  is  ready  for  Implementation. 
While  not  a  part  of  the  study  charge,  It  appears  appropriate 
to  the  authors  to  close  the  report  with  some  caveats  that  should 
be  borne  In  mind  If  and  when  usage-sensitive  pricing  Is 
implemented . 

The  two  arguments  for  such  a  scheme  were  on  the  basis  of 
improving  "equity"  as  perceived  by  peacetime  users  and  Increasing 
efficlenty  of  the  peacetime  network.  An  "equitable"  distribu¬ 
tion  of  costs  was  one  defined  as  payments  proportioned  to 
benefits  hs  viewed  by  users.  The  argument  for  this  Is 
fairly  stra lght forward  until  one  Introduces  the  crisis  or 
wartime  emergency  use  of  the  network.  One  can  argue,  as  did 
several  senior  refined  military  officers  and  former  government 
officials  with  top-level  command  and  communications  experience 
who  Informally  reviewed  this  and  the  earlier  study,  that  the 
choices  made  at  operating  level  In  response  to  prices  for 
routine  non-crisis  communications  could  lead  to  degradation 
of  the  system's  capability  to  respond  in  Its  primary  role 
of  command  and  control  In  response  to  crises.  Since  the  charge 
of  neither  study  included  examining  or  evaluating  this  primary 
AUTODIN  C3  function,  the  authors  can  only  acknowledge  that  such 
operational  cons lderat lor.s  clearly  ought  to  override  "equity" 

'See  Appendices  A-D  for  procedure  descriptions. 

2See  Appendix  E  for  a  reprint  of  the  basic  theoretical  discussion  from 
S-H87. 
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matters  where  there  Is  substantive  conflict.  The  result  will 
be,  of  course,  that  the  system  will  be  less  than  "efficient" 
in  the  sense  used  in  the  studies. 

A  less  serious  caveat  has  to  do  with  the  expected 
efficienty  effects  as  they  tend  to  lower  communl cat  ions  costs. 
Such  effects  are  indirect  and  the  savings  are  not  necessarily 
realized  as  AUTODIN  savings.  For  example,  shifting  a  portion 
of  cost  recovery  to  a  usage  basis  permits  connectivity  fees 
to  be  reduced.  In  some  cases,  this  may  induce  potential 
users  previously  connected  by  off-AUTODIN  private  lines  to 
eliminate  these  leases  in  favor  of  arranging  connection  through 
AUTODIN.  The  savings  In  overall  communication  outlays 
will  appear  either  as  a  reduction  in  the  communications  budget 
or  an  improvement  in  effectiveness  procured  by  using  the 
savings  to  increase  expenditures  on  some  other  good  or 
service.  In  either  event,  the  financial  managers  at  DCA 
will  not  necessarily  know  of  this  effect  which  the  rate 
change  has  caused.  While  not  a  part  of  the  charge  of  the 
study,  the  authors  must  use  this  instance  to  note  that 
attempts  to  improve  economic  efficiency  that  deal  separately 
with  AUTODIN  or  AUTOVON  or  any  other  sub-part  of  total 
Defense  Communications  may  well  result  in  "incorrect 
sub-optimizations."  While  dealing  as  we  have  with  various 
sub-parts  is  not  likely  to  make  things  worse,  economic  analyses 
that  can  consider  the  wider  range  of  substitute  and  complemen¬ 
tary  services  that  are  available  for  communication  are  more 
likely  to  uncover  savings  and  efficiencies  for  DoD. 
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